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Overview

Timeline

O Project start : April 1, 2007
O Project end : March 30, 2011
Q 30% Complete

Budget

dTotal Project funding $10.43MM
= $8.34 MM DOE and FFRDC
= $2.09 MM 3M share
d Received in FY07: $0.565 Million
dReceived in FY08: $0.711 Million
through 3/08/08

Partners
O Dalhousie University (J. Dahn)

O JPL (S. R. Narayanan)
0 ANL (N. Markovic)
U Project Management — 3M

Barriers
A. Electrode and MEA Durability
B. Stack Material & Mfg Cost
C. Electrode and MEA Performance

DOE Technical Targets

Electrocatalyst/ MEA | 2010 | 2015

Lifetime Hrs, > 80°C 2000 5000

Mass Activity(A/mg) 0.44 0.44

PGM, (g/KW rated) 03 | 02

Performance | @ Rated 1 1
(W/iecm2) | @ 0.8V 0.25 0.25

Additional Interactions

LANL(NIST), ORNL(TEM), ANL(modeling),
BASF (Pt recycling), Vendors (GDM/PEM),

System Integrators 5
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Overall Project Objectives

Development of a durable, low cost, high performance cathode
electrode (catalyst and support), that is fully integrated into a fuel cell
membrane electrode assembly with gas diffusion media, fabricated by
high volume capable processes, and is able to meet the 2015 DOE
targets.

Objectives for Past Year

O Apply DOE specified accelerated durability tests to benchmark the NSTF catalyst

O Define and implement multiple strategies for increasing catalyst surface area,
activity, and durability with catalyst loadings of < 0.25 mg-Pt/cm? total per MEA

O Work closely with collaborators to fabricate and screen new electrocatalysts using
high throughput characterization methods, for durability and activity gains

O Conduct fundamental studies of the NSTF catalyst activities for ORR

O Define and implement multiple strategies to optimize the MEA water management

O Advance the high volume roll-good NSTF catalyst /membrane integration

3
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Project Timeline and Milestones

| 4/1/07

Budget Period 1
6/9/08| 411/00]  12/31/09 |

Budget Period 2
3/31/11)

Q1

Q2

Q3

Q4

Q5.

Q11

Q12 Q16

Task 1.1 — ECSA Optimization

Task 1.2 — Cat. Furidamentals 4

Task 1.3 — Activity Optimization €

. &
®
®

Task 2 — Cat. Durability Gains 0

Preéent

Task 3

Q

Task 4 — Support durability

Task 5.1 PEM Integration

Task 5.2 GDL Integration

‘ = Go-No Go for Extension of Task
<> = Go-No Go for Large Area, Single Cell Durability Tests
‘ = Go-No Go for Stack Testing

QTask 5.3

4
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Plan and Approach

Unique Aspect:
Development of advanced cathode catalysts and supports is based on
3M'’s nanostructured thin film (NSTF) catalyst technology platform.

Task 1.0 Catalyst Activity and Utilization Improvements
==)> 1.1 NSTF catalyst surface area increase and support optimization
m==) 1.2 Fundamentals of NSTF catalytic activity
m==> 1.3 New multi-element catalysts to increase activity

) =

Task 2.0 Catalyst Durability Improvements Underway

==> 2.1 NSTF catalyst stabilization against dissolution
m=)> 2.2 NSTF catalyst grain size stabilization

Task 3.0 Full Size (> 250 cm?) Single Cell Performance and Durability Tests
Task 4.0 Durability Characterization of Advanced Support Structures

Task 5.0 Stack Testing and Optimized NSTF MEA Roll-good
m=) 5.1 NSTF catalyst / low EW membrane interface optimization
==> 5.2 Optimized anode and cathode GDL'’s
5.3 Short stack testing (> 10 cells, 312 cm?)

5
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Technical Accomplishments: Improved catalyst roll-good 3M

fabrication and membrane integration
= Improved baseline performance of NSTF-PtCoMn with 0.25 mg-Pt/cm? total per
MEA: 0.61V at 1.5 A/cm? with 0.25 mgPt/cm? under 150kPa H,/air inlet press.
= 0.27g/kW
» High current density improvements obtained by two factors:
 reduced microstructured feature size of NSTF roll-good substrate

» reduction of anode loading from 0.2 to 0.1 mg/cm? for better anode water
transport and reduced HFR and iR-loss at 2 A/cm?2.
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Technical Accomplishments: Accelerated Durability Test 1

3M

DOE Specified Protocol: 30,000 CV cycles, 0.7- 0.9 V step, 30 s hold, 80/80/80°C
20 T T T T T T . T . T .

I | ECSA Conditions ECSA Target: < =40% loss
18 | 80°C cell. 7.4/7.4 psig Outlet. H/N, -{ Found: ~ 0 % loss -
i E'wadth_f’?gg;FAgg?/- Counterflow | | Mass Activity Target: < 60% loss
16 (- Cumidly: IO Found: ~ 13% loss of activity 5
14 u
— L LI i
N |
12 u - m
SH - "
= 10} n
< -"s\ Initial Specific Activity (900mV) = 0.00138 A/cmzpt
0 8 Final Specific Activity (900mV) = 0.00111 A/cmzp| 7
8 i Initial catalytic mass activity = 0.115 A/mg,,
6 Final catalytic mass activity = 0.100 A/mg_, 7]
41 "Normal" ECSA Conditions
[| 70°C. 0/0psig. H,/N,.
2 | Flow CF800/CF1800. Counterflow.
L[ Humidity: 200%/200%
0 I : I : . . .
0 5000 10000 15000 20000 25000 30000
Total Cyles
1 O FC12925-graph1
. | T T T T T T T T T T T T T T T |
Target: <= 30mV loss at 0.8 Alcm’
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0.8} 9%@ rrrrrr e .
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3M
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FC12925-graph4

= Test evaluates Pt dissolution resistance
= Used NSTF PtCoMn: A/C 0.1/0.15 mg-Pt/cm?
= ECSA loss target = 40%. Found ~ 0%.
= Mass activity loss target = < 60%. Found ~ 13%.
= Performance loss :
Target = < 30mV loss at 0.8 A/cm?
Found 2 mV gain at 0.8 A/cm?
Found 19 mV gain at 1.5 A/cm?.
1.0 T i T i T i T i T i T
X 0.10/0.15 mgF,'/cm2 PtCoMn; 3M PEM; 2975
08 x\. T — T H . —
— | | |
; : — \% : ;
= ‘ 3 3 T By
S 06L| —o—Fc12925.455, Inital SO S R
() —0O— FC12925-625, After 1k cycles ; ; ;
(@)} | FC12925-836, After 5k cycles
S —A—FC12925-1015, After 10k cycles
O —X— FC12925-1182, After 30k cycles
S 04— L .
% | GDS Conditions:
o 80°C cell. 25/25 psig. H,/Air :
02 L CS: (2.0,100)/(2.5,167) sccm. counterflow ||~ & 4 _
’ Humidity: DP80/ DP80 ;
i GSS(X, 20 min) : : ;
00 i | | | | | |
0.0 0.2 0.4 0.6 ) 0.8 1.0 1.2 7
J (Alcm ) FC12925-graph3
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Technical Accomplishments: Accelerated Durability Test 2 3M
DOE Specified Protocol: 200 hour hold at 1.2 Volt and 95°C, H,/N,, 150kPa, 80%RH

0.0030

0.0025 -

0.0020 -

Target: < 60% loss of inital catalytic activity
Found: +20% gain of catalyst specific activity
- 5% loss of catalyst mass activity

Test evaluates support corrosion resistance

Used NSTF PtCoMn: A/C 0.1/0.15 mg-Pt/cm?

" \

| ECSA loss target = 40%. Found ~ 16+1%, 2 trials
Catalyst activity loss target = < 60%.

]
(0.00177)

(0.00147)

/.\'\_/
0.0015 g~ : :

Specific Activity and ECSA Measurement Conditions
80°C cell. H/N, or H,/O,

Found 28% + 7% gain in specific activity for 2 trials

Specific Activity (A/lcm*-Pt @ 900mV)

0.0010 |- -| 7.35/7.35 psig Inlet. (1520kPa Absolute) -
: 0 0 .. . .
Flow: GFS00/GE 1000, Courterow Found -5% /+15% loss/gain in mass activity, 2 trials
: Y- .
0.0005 |- y ] .
o | = Performance loss :
U7 0SS referenpe line
00000 N S — Target = < 30mV at 1.5 A/cm?
50 100 150 200 250
Time (Hours) . :
Found 27 + 1 mV gain at 1.5 A/cm?, 2 trials
20_ r-r—rT - rr T 1.0 T T T T T T T T T T T T T T T T T 1
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N r 4
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Technical Accomplishments: Accelerated Durability Test 3 3
DOE Protocol: 200 hour hold at OCV at 90°C under 250/200 kPa H,/Air, 30% RH

= Test evaluates overall MEA chemical stability
Used NSTF PtCoMn : A/C = 0.2 mgp/cm?

3M PEM, 850EW: not chemically stabilized and no MEA edge protection
200 hour lifetime target exceeded by factor of ~ 4.
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Technical Accomplishments: Accelerated Durability Test 4

3M

3M Specified Protocol: Accelerated lifetime load cycling with variable stoichiometry

» Tests MEA chemical stability due to catalyst influence. Correlates to F-ion release rates.

= Previous contract: NSTF PtCoMn, A/C = 0.2 mgPt/cm? , on non-chemically stabilized 3M PEM
demonstrated > 7x gain in lifetime to failure (defined as OCV < 0.8V) vs dispersed Pt/C.

» This project: used same NSTF catalyst and mechanically stabilized but neat 3M ionomer.

» First NSTF MEA's lifetimes exceeding 7300 hours and still running

1.0

0.9 |

0.8

Cell Voltage at OCV

0.1

0.7 !
0.6 !
0.5 -
0.4 !
0.3 !
0.2 !

Protocol at 80/64/64°C

Time (hrs)

Shiva all NSTF Data 021808 - graph 3

i i i 2- NSTF MEA's
|« 7 Dispersed MEA's A/C Catalyst: 7
A/C Catalyst: 0.2 mg-Pt/cm’® PtCoMn
~1|'| Pt/Carbon: 0.4 mg-Pt/cm?® || PEM: modified .
PEM: 3M, no chemical or 1st Still running > 7300 hrs | 1
I mechanical stabilization!| 2nd started later, still running|—
All 7 failed in 200 - 600 hrs.
. ‘7D7 FC54718 OC;/ v | 1000 1 RS S vt R A 7
—0—FC54719 OCV(V) 4 - NSTF MEA's
—A—
I “a”resarzioov) |l AIC Catalyst: | i
O —O—FC54725 OCV(V) 2 :
. —@— FC54726 OCV(V) : N § 0.2 mg-Pt/cm” PtCoMn |: .
I T remmsoeem | % ,,,,,,,,,,, _ PEM: 3M, no chemical or | _|
o For ey oov OQX mechanical stabilization
- e reorezoont | Av. Lifetime ~3500 hrs |
—O—FC012059 OCV(V)
. . : . I . I I I I
0 1000 2000 3000 4000 5000 6000 7000

— (3
HIEINE
1 0.20 5 )
2 0.02 20 15
3 0.80 15 1.7
4 0.80 10 3
5 0.02 20 15
6 0.80 15 1.7
7 0.20 20 )
8 1.00 20 1.7
10
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Technical Accomplishments: Accelerated Durability Test 5

3M

3M Protocol: Anode forced to support 2 mA/cm? oxidation current for 5 hours under N,,.

» Tests anode resistance to corrosion under fuel starvation conditions.
» Graphs compare initial versus recovered performance of four types of MEA’s
» Standard NSTF PtCoMn anode catalyst modified for improved oxygen evolution reaction

Anode Starvation Tolerance v. MEA Type

The MEAs with dispersed

“ 1.0 ‘ —~1.0
; —FOISIBIDAT) Rl Pt/C at 0.2 and 0.4 mg/cm?
08 — ' £ 0.8
£ 0. e 0. on the anode showed
o < . :
¥ 0.6 = 06 \\ substantial decreases in
T N\ L \\ AN performance and increased
%\0.4 Anode: 0.10PtCoMn/NSTF ,3'0'4 é”?:ea 9'(2)02F:)té>ct/c ) resistance that could not be
> ( 2l Cathode: 0.15PtCoMn/NSTF | g 0.2} — athode. A‘ recovered.
> .—_—__—=%=r———"' = |
3 0.9 > 0.9 The NSTF MEAs showed
0 0.5 21'0 158 00 0.5 )0 15 much less performance loss

o J (Aem’) J (Aem’) or increase in HFR
Ng 10 ——FC131664920AT | € 1'0\ ——FC13202 172.0AT - .
& 0.8 —— FC13166 601.DAT EO 3 —— FC13202 282.DAT The modified NSTF anode
S \\\ S \\ catalyst showed even less
% 0.6 \\ x 0.6 N loss of performance than the
0.4 AN Toal L SN standard NSTF anode.
= Anode: 0.10PtCoMn(mod.NSTF | £ C”‘t’h ed 0 2PUC \ Work tinuing to t q
S 0.2| Cathode: 0.15PtCoMn/NSTF > 0.2=20oce: = Ork continuing to try an
> > optimize NSTF anode
3980 05 1.0 15 8°8.0 05 1.0 15 |__modification.

J (Alem”) J (Alem’) 11
3M Advanced Cathode Catalysts .........covvveiiiiiiil, 2008 DOE Hydrogen Program Review, June 9 - 13



Technical Accomplishments: New NSTF catalysts N DALHOUSIE

Prof. Jeff Dahn, David Stevens, Arnd Garsuch, and students Inspiring Minds

Advanced catalysts by compositional spread screening at Dalhousie University

P » 64-electrode arrays of thin film catalysts deposited onto
NSTF whiskers, made into MEAs at 3M, tested at Dal.
= Over 60 libraries fabricated and tested to date
« 25 different material sets combined in 5 distinct
structural configurations.
» Characterized for ECSA, ORR, high V durability,
XRD, electron microprobe, acid soak resistance.

PtCoMn Ternary — Microprobe Data

Co

-. o g #
= OO0 O 8 £ o3f ot ks
g Qf} T Circles show positions of E . (i:
2T ? ] ~ fuel cell electrodes. © ¥ »

5 O Q.0.0-0.0.C0 Dotted lines represent S ozt o i
= T i - T = . +/ +
=110 © O O O O O O contours for constant Mn £ i u
O O O Cj‘@« and Co respectively. :E :;, ;,
. : 7 "i' & m-fi """ ‘e i .: EE 0'1 B 1})” * T {’4.
.. D@ @ 00 @O Example of T . |
C)@ O OOQ G)O comtpols““?lr: ‘; M=4.42x 10°D - 0.417 M= 4.45x 102D - 0.384
|- i : i 0 [ T T T I T T TR
O 0 @ OOO O C} S L 20 100 120 140 160 100 120 140 160 180
T L PtCoMn Radial Distance (mm)
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Technical Accomplishments: Dalhousie - continued DALHOUSIE

Inspiring Minds

Objective: Control grain size, lattice spacing, and surface composition to increase
activity, catalyst surface area, stability under high voltage cycling,

Comparison of ECSA stability of eight different 64 electrode array compositional spreads
before and after 3000 CV cycles from 0.6 — 1.2 V at 20mV/s under Ar vs 5% H, in Ar, at
75°C 100%RH, 500 sccm and no back-pressure. Pt controls are embedded in the arrays.

20 T T T T T T T T T T T T T T T T

SummaryofSEstorNewCompositions-gra'ph5 - u Eight neW Catalyst material
18 'inzeapér?%r:flleilt?gggi?fay W Before CV cycling | || Sets from one configuration
' S\ After CVeyeling | 1| found to have higher initial
16 |- I Pt control before | 7
I Pt control after ] surface area Compared to

—
o
T
1

pure Pt controls.

—_—
N
T T T

1 | = Most indicated surface area
1| increases dependent on the
mole fraction of the additive
compound or element.

oo
T T

Average ECSA in optimum range of x, (cm?“/cm?)
S
|

» Five indicated higher
surface areas after 3000
CV cycles than the Pt

t_ M controls had initially. 13
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Compositional Spread Material Set,

3M Advanced Cathode Catalysts .........covvveiiiiiiil, 2008 DOE Hydrogen Program Review, June 9 - 13



Technical Accomplishments - ORR Activity and E,,, from

V. Stamenkovic, Dennis van der Vliet, N. Markovic

RDE experiments

Argon neJ

NATIONAL LABORATORY

NSTF loading = i,,at0.875Vv | i. at0.90V | i, at0925V | i, at0.95V E,»
(80 Wgp CMyie2) (mAcm2) (mAcm-2) (mAcm-2) vs RHE (V)
Pt - NSTF 4.0 1.9 0.75 0.28 0.92
PtCoMn - NSTF 6.3 3.3 1.4 0.53 0.94
PtNiFe - NSTF 8.2 4.3 1.8 0.62 0.95
5nm Pt/ C (> 100 0.78 0.41 0.19 0.08 0.91
Hgpt CMyiss™)
0BT 1 : ORR on NSTF Surfaces by RDE
0001 60°C; 85 pg, em’y, | = High activity on all NSTF catalysts
20 mV's”, 1600 rpm | | | . _
B — = PtNiFe is the most active measured to date
D80 s i e NSTF is 10x more active than PH/C
| |  E,, NSTF |
?<g '°'75_‘"2-/- | |» Eq:=0.95V (PtNiFe) vs. 0.91 V (Pt/C)
- M e e Ul | | = Stable activity by CV and thermal cycling
25 o NSTE L PCoMn . . ..
| NSTF - Purs Pt 3 | CO Oxidation as a Probe of NSTF Activity
D N T e 1 = The best activity on any Pt surface
O R SR R B ; = The onset of CO oxidation is at 0. 2 V
0.0 0.2 0.4 0.6 0.8 1.0

E (V vs RHE)

= Stable activity in narrow E range

14
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Technical Accomplishments: New alloys for performance
and durability gains.

JPL: Charles C. Hays and S. R. Narayanan

Concept: Novel multi-electrode electrochemical cell
with rotating electrolyte to simulate rotating disc

electrode measurements. Apply sputtered alloys to
3M NSTF whisker supports in compositional spread.

Status
= New NSTF ternary alloy fabricated on 4-electrode
array of NSTF whiskers.

» Electrochemical performance measured in new cell
= NSTF Pt-A-B / Pt ECSA ratio of 14/8 obtained

= Observed highly linear Tafel slope over >2.5 decades °*

Electrochemical Cell Detailed View

| NSTF Array
PEEK = | On 4’ x 5”

stiring, | ' I} Glass substrate
Rod

.
8” OD Crystallization Dish!——-
3M Advanced Cathode Catalysts

4-electrode Pt-NSTF 100

50 /,~

Tafel Plot for Pt-A-B NSTF

0.98

o
0.96 1 \
0.94

Tafel Plot Slope

0.86 -

0.84

)

S 092 \\ - 52 mV/decade
1]

I

ﬁ 0.9 \

4 y=-0.0519x + 0.6236

g 088 | R?=0.9976

§ )

-7.0 -6.5 -6.0 -5.5 -5.0 -4.5 -4.0

Log Current (amps)

CV Plot for Pt-A-B vs Pt

I(@amps)

Pt-A-B

[
-0.2

i
50 +
j
|
"y
-100 4
1
/

-150 —

-200x10 ° -

]
1.2 1.4
E(Volts, NHE)

Pt

De-aerated 0.1 M HCIO , Electrolyte
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Technical Accomplishments: NSTF Catalyst Process Parameters 3M
Improved Pt catalyst deposition parameters: .

= 35-40 mV increase at 1.2 and 1.6 A/cm? over standard value

= 30% increase in A/lcm? at 0.82V (iR-corrected)

= No statistically significant change in specific activity, mass
activity, impedance or electrochemical surface area

= => Mass transfer over-potential reduced

N
o

w
a

[

1

Values from GDS Pol Curves:
200 kPa H,/air (]
80°C, 67%RH
A/C Stoich: 2.0/2.5
50 cm’ Quad-Serp. FF

w
S

N
o

N
o

o

andard MEAs made with same anode,
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Catalyst support surface area optimization for mass activity:

= First designed experiment to optimize whisker support
geometric area: variable number density and lengths
» Whiskers fabricated with 24 process condition parameter sets
» Physical statistical characteristics determined by SEM:
 Extract areal number density, length and width distributions.
 Calculate material conversion fractions,
geometric surface area enhancement
factor (SEF) as a function of catalyst
support growth parameters.
* Project potential gain in support surface
area for optimized process conditions: M s 4 s s 7 8RR T et T T T e e

Existing Process Condition Parameter Set Number Optimized Process Condition Parameter Set Number

=> potential for > 3x gain in NSTF surface area from optimized support whiskers. 16

T T T T T T T T T T T T
Geometric Surface Area/ Planar Area = 1.414*N[rdL + n(d2/2)]r, +1
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Technical Accomplishments: GDLs for NSTF Water Management ~ 3M

» Developed fuel cell test protocols for evaluating water management of ultra-thin
electrodes under steady state and transient conditions.

» Demonstrated short-stack cool start capability vs. single cell.
» Demonstrated impact of reduced anode loading on water management
» Evaluated extensive material and process GDL factors for cool start

GDL Materials and Process Development . Short stack start-up at 25°C.
« Type of carbon paper electrode backing oo | (o <o s |
* % and type of fluoropolymer used for € 400 , 11 cells
wet proofing 32 350
 Drying conditions for wet proofing é 300 |
« MPL coating weight and drying G 20
conditions g 20
« GDLs without MPL 5 10
« Different GDLs for anodg and cathode 3 || Stack Heat Capacity ~ 0.6 J / cm? -G
« GDLs that covered gradient from %0 ]
completely hydrophilic to hydrophobic o iy o o o
- Three approaches for incorporation of | | Time [s] | |
hydrophilic materials |pto GDL Start-up from room temperature in a large-
* Several types of proprietary processes | grea stack is possible due to the transient
« Type and amount of fluoropolymer nature of heat and water generation, and
binder in MPL lower heat capacity than a single CeIIi7
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Future Work

Using < 0.25 mg-Pt/cm? total per MEA:

Mass Activity Gain

= Continue to fabricate and test new catalyst compositions, structures and processes for a
specific activity gain of 2x over current NSTF baseline without loss of durability under
most severe accelerated test. Move best candidates to 50 cm? sized electrodes.

= Achieve > 100% gain in catalyst surface area over current NSTF baseline without loss of
specific activity or durability under most severe accelerated test. Complete evaluation of
six independent approaches to increase surface area now in progress.

Durability Improvement

» Reduce by at least 50% any losses in surface area, activity or mass transport over-
potential under the current most severe accelerated test protocol [fast high voltage (> 1
V) cycling]. Complete evaluation of two independent approaches in progress.

= Continue to explore limits of improvement for anode cell reversal tolerance with NSTFC.

Water Management Improvement

= Optimize the GDL materials and process conditions for more effective liquid water
transport at low temperatures without compromising high temperature performance
under dry conditions. Tailor the GDL for both anode and cathode independently to
optimize performance over a wider range of operating conditions.

» Evaluate NSTF with improved membranes for enhanced performance under cold and
wet or dry and hotter conditions.

18
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Project Summary : Status Against Targets

Characteristic Units 2010/2015 3M Status - Feb. 2008 | Project
Targets (mfg’d roll-good ) Goal
PGM Total Content g/kW rated in 0.3/0.2 22 cell short stack: 0.47 <0.25
stack 50 cm? cell: 0.27g/kW @ stack
0.62V, 150kPa inlet
PGM Total Loading mg PGM/cm?2 0.3/0.2 0.25 <0.25
electrode area (A/C = 0.1/0.15)
Durability with Load Cycling 7300 hours (still on test) > 5000
At operating T < 80°C Hours 5000 / 5000 50cm? cell, accelerated
At operating T > 80°C 2000 / 5000 load cycling at 80/64/64°C
Mass Activity (150kPa H,/O, | A/mg-Pt @ 900 0.44/0.44 0.18 — 0.25 >0.5
80°C. 100% RH) mV, 150kPa O, (< 0.2 mg/cm?) |
Specific Activity (150 kPa u A/lcm2-Pt 720/ 720 2,900 > 5000

H,/O, at 80°C, 100% RH) @ 900 mV (with 0.2 mg,/cm?)

Accel. Test loss, 30,000 -mV at 0.8 A/lcm2 | <30mV@0.8Aicm? | ~ (Q mV loss at 0.8 A/lcm? 0
cycles, 0.7 — 0.9V at 80°C % ECSA loss <40% /40 % ~ 0% loss ECSA 0
Accel. Testloss,200hrs @ [ -mVat1.5A/cm? | <30mV/30mV | +25mV gain at 1.5 A/lcm? | mV Gain

1.2V at95°C % ECSA loss <40% / 40% ~17% loss ECSA 0% loss
Accel. Test loss, ~ 10,000 . ?? ~ 30 % loss of ECSA <10% T
cycles 0.6-1.2V, 20mV/sec /o ECSA loss — ] | loss 1
900C, 270kPa, H2/N2 19
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Project Summary: Overview

Relevance: Critically focused on overcoming the three most critical barriers
for fuel cell MEA development.

Approach: Builds on 11 year DOE/3M funded development of NSTF catalyst
and MEA technology that fundamentally has higher specific activity,
removes all durability issues with carbon supports, much reduced
losses due to Pt dissolution and membrane chemical attack, and has
significant high volume manufacturing advantages.

Technical Accomplishments and Progress: Met or exceeded many of the
specified DOE electrocatalyst/MEA performance and durability
targets, clearly indicating the remaining gaps in mass activity and
surface area stability under high voltage cycling. The project has
identified multiple materials and process paths to meet or exceed
these remaining targets.

Technology Transfer/Collaborations: Strong interactions with key partners has
been very productive in identifying pathways to resolve the key
gaps. New additional interactions with National Lab personnel
should accelerate the progress and address other key issues.

Proposed Future Research: Strongly focused on the key remaining target gaps for
mass activity, high voltage cycling stability, water management. o
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